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A B S T R A C T
The extent of biofouling on recreational vessels has been used as a proxy for the presence of alien species and has
been linked with vessel characteristics. However, the relationship between these factors and alien species
numbers has not been examined, despite the importance of this metric for invasive species management. This
study assessed physical characteristics, maintenance regimes and travel patterns of yachts and their relationship
with the number of macro-invertebrate alien species present on vessels from four South African marinas. Overall,
88% of yachts were fouled with macro-invertebrate alien species. The only factor that influenced alien species
numbers in the context of this study was the primary use of yachts, with cruising yachts supporting significantly
more alien species than racing yachts. This is likely linked to differences in cleaning regimes, as racers are
subject to rigorous and frequent cleaning. These findings suggest that cruising vessels may play a key role in the
intra-regional transfer of alien species and that racing yachts likely pose a lower biosecurity threat.
1. Introduction
The link between recreational vessels and alien species has been
highlighted in several regions (Mineur et al., 2008; Clarke Murray et al.,
2011; Roche et al., 2015). The detection of such species in biofouling
assemblages of recreational vessels, highlights the potential role of
these vessels in transferring alien species (Clarke Murray et al., 2011).
Resident vessels (i.e. those that are registered in a particular marina to
which they return even after sailing regionally) have been suggested as
a likely mechanism for the secondary spread of alien species, i.e. spread
within a region (Inglis and Floerl, 2002; Clarke Murray et al., 2011). In
contrast, transient vessels (i.e. those visiting a location away from their
home country) have the potential of acting as primary vectors of alien
species transfer (Inglis and Floerl, 2002; Ashton et al., 2014). While
resident recreational vessels are likely to move more frequently
amongst local marinas, potentially posing a high risk of intra-regional
transfer, transient vessels are not exempt from this role, as such vessels
often move amongst marinas when visiting regions. As such, despite
their different natures, both types of vessels have the potential to dis-
seminate marine alien species.
The risk of alien species transfer by recreational vessels has been
linked to their often high levels of fouling, which can include the pre-
sence of alien species (Floerl et al., 2005; Ashton et al., 2006; Davidson
et al., 2010). As such, the factors that contribute to the occurrence of
fouling on such vessels should be accounted for when drivers of alien
species numbers are considered. Several factors have been suggested as
being important in the development of fouling on recreational vessels.
These include the age (Floerl and Inglis, 2005; Lacoursière-Roussel
et al., 2012), formulation (Srinivasan and Swain, 2007; Piola et al.,
2009), method of application (Srinivasan and Swain, 2007) and quality
of anti-fouling paint (Clarke Murray, 2012). Additionally, yachts that
have been stationary for long periods of time (Ashton et al., 2006) and
that travel at slower speeds (Minchin et al., 2006; Clarke Murray, 2012)
have been linked with higher levels of fouling. Additionally, fouling
cover is known to increase with time since last cleaning (Lane et al.,
2019). Travel patterns, reflected by the number of ports visited, have
been suggested as a driver of diverse fouling assemblages (Sylvester
et al., 2011) as the more ports that are visited, the more opportunities
exist for the attachment of novel species. Although all of these factors
have been touted as important influences on fouling assemblages, no
studies to date have explicitly tested the relationship between these
factors and alien species numbers on recreational vessels.
Considering the link between recreational vessels and the transfer of
marine alien species, it is clear that thorough investigation of this
vector is needed to support management thereof. A crucial step towards
this goal is identifying factors that affect the number of alien species on
vessels, so that they can be managed in such a way so as to minimise
their invasion risk. This study used sailing yachts to identify factors that
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explain observed patterns in macro-invertebrate alien fouling (hereafter
referred to as alien fouling) species richness. Specifically, the role of
physical characteristics of vessels, their maintenance regimes, travel
patterns and the characteristics of their home marinas in explaining
alien species numbers were assessed.
2. Materials and methods
In the context of South Africa, sailing yachts are the most common
recreational vessels. This work sampled 59 yachts from four marinas in
the Western Cape, South Africa (Fig. 1). Marinas included Port Owen
Yacht Club (32°46′56.43″S; 18°08′53.60″E), Saldanha Bay Yacht Club
(33°00′37.68″S; 17°56′56.75″E), Royal Cape Yacht Club
(33°55′14.15″S; 18°26′34.84″E) and False Bay Yacht Club
(34°11′32.99″S; 18°26′02.20″E). All of these marinas are situated
within or adjacent to large ports and all marinas receive both local and
international vessels.
Sampling of yachts was opportunistic and dependent on gaining
permission from yacht owners. Initial sampling occurred in 2015 and
2016. However, when initial analyses highlighted that racing yachts
were under-represented in the dataset, these yachts were targeted for
sampling in the summer of 2018. Following Peters et al. (2019) hull
scrape samples and diver inspections of niche areas were employed to
maximise the detection of alien species. On each yacht, six randomly
selected scrape samples (15×15 cm) were collected. These were pre-
served in 70% ethanol and later processed for alien species, in the la-
boratory. Species were identified using taxonomic keys from Day
(1969), Griffiths (1976) and Kensley (1978) as well as the guides pro-
vided by Picker and Griffiths (2011) and Branch et al. (2017). Fur-
thermore, when required specimens were sent to the relevant taxo-
nomic experts for confirmation of identification. Scrape samples were
searched for all species listed as alien in South Africa (Mead et al.,
2011) and in addition all individuals from the taxonomic groups Mol-
lusca, Amphipoda and Cirripedia were identified to species level in
order to detect potential new alien species. Furthermore, all niche areas
(rudder, keel, propellers, propeller shafts and water inlets) were in-
spected for alien species by scientific divers using a target list. The list
included the sea sponge Suberites ficus (Johnston, 1842); the triangle
barnacle Balanus trigonus (Darwin, 1854); the Mediterranean mussel
Mytilus galloprovincialis (Lamarck, 1819) and the ascidians Ciona robusta
(Hoshino and Tokioka, 1967); Clavelina lepadiformis (Müller, 1776);
Microcosmus squamiger (Michaelsen, 1927) and Styela plicata (Lesueur,
1823). Species on this list were selected based on their large, con-
spicuous nature making it easier for scientific divers to identify them
amongst other fouling species. The use of such target lists is beneficial
when there is a need for rapid and cost effective sampling (Minchin
et al., 2016). The total number of alien species detected by the two
methods was analysed. This measure was assessed rather than alien
species abundance as, from a management perspective, the initial de-
tection of alien species is crucial regardless of their abundance.
Each yacht owner completed a questionnaire (Appendix A) identi-
fying the physical characteristics, maintenance regimes and travel
patterns of their yacht. This provided a unique data set that directly
matched these characteristics to the number of alien species recorded
on each vessel. Information collected about the physical nature of the
vessels included the (i) use of yacht (racer vs cruiser); (ii) hull material;
(iii) hull length at the waterline; (iv) maximum hull width (i.e. beam)
and (v) vessel draft (vertical distance between the waterline and the
keel). The use of yacht referred to how owners use the vessel rather
than what it was designed for, as many racing designs are used for day
cruising in this region. The length along the waterline, the beam and
the draft of each yacht was used to calculate the wetted surface area
(WSA) using the adjusted Denny-Mumford equation (Man-Diesel,
2002):
= × + ×WSA L B T( ) 0.5
where L is the length on the waterline, B is the maximum beam and T is
the draft. This equation was selected because it is independent of dis-
placement and is routinely applied in yacht design. Wetted surface area
is an estimate of submerged vessel surface area that ultimately trans-
lates into the amount of space available for colonisation by marine
fouling organisms (Davidson et al., 2009) and has been suggested as a
proxy for potential propagule pressure (Lo et al., 2012). Due to the non-
parametric nature of the data, a Mann-Whitney U test was undertaken
to assess differences in alien species numbers between yacht types (2
levels: racer and cruiser), while a Kruskal-Wallis test was undertaken
when comparing this variable among hull materials (4 levels: ferroce-
ment, fibreglass, steel and wood). The relationship between the number
of alien species and WSA of yachts was considered using a Spearman's
Rank Correlation. All statistical analyses were undertaken in R (version
3.5.2), unless otherwise stated.
To gain an understanding of vessel maintenance practises, yacht
owners were asked (i) the name of anti-fouling paint on their vessels,
(ii) whether the anti-fouling paint used was self-polishing or not; (iii)
Fig. 1. Locations of the four marinas (Port Owen, Saldanha Bay, Royal Cape and False Bay Yacht Clubs) sampled in this study and the numbers of yachts sampled in
each marina depicted in parentheses.
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who applied the paint; (iv) how it was applied; (v) the age of the paint;
(vi) whether they considered the paint adequate for preventing fouling;
(vii) whether the hull was cleaned in between paint applications; (viii)
where cleaning took place; (ix) when last the yacht was cleaned; (x) the
method of cleaning and (xi) whether cleaning of hull and niche areas
always took place before sailing. Although included in the ques-
tionnaire, certain questions could not be analysed. The name of anti-
fouling paint was requested so as to determine the toxic constituent in
the paints but the vast majority of yacht owners could not name the
paint on their vessels and did not know if it was self-polishing or not.
Additionally, most yacht owners used a combination of cleaning
methods, precluding any meaningful statistical analyses of cleaning
method. To determine if the number of alien species was affected by
who applied the paint (2 levels: crew and professional company), the
method of paint application (2 levels: roller, and spray), whether yachts
were cleaned between paint applications (2 levels: yes and no) and the
location of cleaning (2 levels: in-water and out-water), Mann-Whitney
U tests were undertaken. To assess if the time since yachts were last
cleaned (4 levels: 0–3, 4–6, 7–10 and > 10 months) affected the
number of alien species recorded, a Kruskal-Wallis test was applied. To
assess the relationship between paint age and the number of alien
species recorded, a Spearman's Rank Correlation was undertaken. In
order to compare the effectiveness of anti-fouling paint (3 levels: yes,
no and don't know) and whether yachts were cleaned before sailing (3
levels: yes, no and sometimes), Chi-Squared Goodness of Fit tests were
used.
In order to interrogate the travel patterns of the yachts in question,
owners were asked (i) to identify their home marina; (ii) which marinas
had been visited in the last year; (iii) how many days were spent sailing
in the last year and (iv) what the duration of stay was at the marinas
that were visited. To determine whether there was a difference in the
number of alien species across the home marinas (4 levels: False Bay,
Port Owen, Royal Cape and Saldanha Bay Yacht Clubs), a Kruskal-
Wallis test was undertaken on account of the non-parametric nature of
the data. To assess whether there was a relationship between alien
species richness and the number of marinas visited as well as the
number of days for which yachts had sailed in the last year, Spearman's
Rank Correlation tests were undertaken. For the yachts that had tra-
velled in the last 12 months, the number of alien species they supported
was considered in respect of the duration of their stays (3 levels: 1–14,
15–30 and > 30 days), using a Chi-Squared Goodness of Fit test.
To determine if characteristics of the harbours in which yachts were
based had any influence on alien species numbers the (i) harbour area
(km2); (ii) productivity (using Chl a min concentration (mg.m−3)); (iii)
number of yachts present in harbours and (iv) number of alien species
present in harbours (from Peters et al., 2017), was determined for each
of the four marinas. Data from St Helena Bay (in which Port Owen falls)
was used as a proxy for Port Owen, due to the absence of data for that
marina. Mean daily Chl a minimum values were extracted from
GlobColour's L3, global, 4.63 km, Chl2 product for coastal waters for
the ten year period 2002–2012. Data for each harbour were extracted
from the closest Chl2 grid location. GlobColour data (http://globcolour.
info) used are developed, validated and distributed by ACRI-ST, France.
In order to assess any relationships between alien richness and these
harbour characteristics, Spearman's Rank Correlation tests were ap-
plied.
A Generalised Least Squares (GLS) model was undertaken to assess
the effect of a suite of explanatory variables collected from the ques-
tionnaires and harbour characteristics on the number of alien species
present on yachts. This method was chosen as it accounts for a degree of
autocorrelation among residuals. The Dredge function was applied and
the best model was then selected based on Akaike criteria (Burnham
and Anderson, 2002). Since not all answers collected as part of the
questionnaires were meaningful as explanatory variables of alien spe-
cies numbers, some were autocorrelated and a balanced design could
not be assured due to the nature of the questionnaires, a subset of
questions were chosen for this statistical analysis (Table 1).
3. Results
3.1. Marine alien species
Overall, 88% of yachts sampled supported alien species. A total of
20 alien species (Table 2) were detected across the 59 yachts, with alien
species richness per yacht ranging from 0 to nine species. Only seven
yachts (12%) supported no alien species and six of these were also
completely free of fouling. While many yachts had up to nine alien
species present, the composition of species varied. Interestingly, 22% of
yachts had no alien species on their hulls but up to five alien species
were detected in niche areas of these vessels. Common species (i.e.
those occurring on more than 30% of the yachts) included: the ascidians
Table 1
A list of explanatory variables and the associated categories or units
considered in the GLS model for each yacht.
Explanatory variables Categories/Units
(a) Physical yacht characteristics
Type Cruiser, Racer
Wetted surface area (WSA) m2
(b) Yacht maintenance regimes
Paint age Months








Alien species detected on the hulls and niche areas of yachts sampled in four
marinas in the Western Cape of South Africa, where POYC: Port Owen Yacht
Club; SBYC: Saldanha Bay Yacht Club; RCYC: Royal Cape Yacht Club; FBYC:
False Bay Yacht Club.
Taxonomic group Species Marinas
POYC SBYC RCYC FBYC
CNIDARIA
Hydrozoa Obelia dichotoma ✓
Pennaria disticha ✓ ✓
ANNELIDA
Polychaeta Ficopomatus enigmaticus ✓
CRUSTACEA
Cirripedia Amphibalanus eburneus ✓
Balanus trigonus ✓ ✓ ✓
Amphipoda Caprella mutica ✓ ✓
Jassa marmorata ✓





Bivalvia Mytilus galloprovincialis ✓ ✓ ✓ ✓
Semimytilus algosus ✓
BRYOZOA Bugulina flabellata ✓ ✓
Bugula neritina ✓ ✓ ✓ ✓
Watersipora subtorquata ✓ ✓ ✓
CHORDATA
Ascidiacea Ascidiella aspersa ✓ ✓
Botryllus schlosseri ✓
Ciona robusta ✓ ✓ ✓ ✓
Clavelina lepadiformis ✓ ✓
Diplosoma listerianum ✓ ✓ ✓ ✓
Styela plicata ✓ ✓ ✓ ✓
Total number of
species
9 9 12 16
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Ciona robusta and Diplosoma listerianum, the Mediterranean mussel
Mytilus galloprovincialis, the bryozoan Bugula neritina and the barnacle
Balanus trigonus. Species that were rarely detected (i.e. those occurring
on less than 10% of yachts) included the ascidians Ascidiella aspersa and
Clavelina lepadiformis, the mussel Semimytilus algosus, the bryozoan
Watersipora subtorquata, the amphipod Jassa slatteri, the barnacle Am-
phibalanus eburneus and the hydrozoans Obelia dichotoma and Pennaria
disticha. Species that were widespread (i.e. occurring in more than 50%
of marinas) were the ascidians Ciona robusta, Diplosoma listerianum and
Styela plicata, the mussel Mytilus galloprovincialis, the bryozoans Bugula
neritina and Watersipora subtorquata and the barnacle Balanus trigonus.
The best fit GLS model for describing the number of alien species on
yachts was significant (F= 45.95, df= 1, p < 0 0.0001) and included
only the use of yacht (i.e. racer or cruiser). Yachts that were used for
cruising supported significantly more alien species than those used for
racing (Coefficient=−4.124, t=−10.464, p < 0.001).
3.2. Harbour characteristics
Across the four marinas, the number of yachts ranged from 78 to
294. Although a high variability in alien species richness was prevalent,
there was a significant relationship between the number of yachts
present in a marina and the number of alien species detected on yachts
(Spearman's Rank Correlation, r=−0.335, p= 0.009) (Fig. 2). There
was no correlation between the number of alien species recorded on
yachts and harbour area (Spearman's Rank Correlation, r=−0.038,
p=0.775), productivity (measured as Chl a min) (Spearman's Rank
Correlation, r= 0.222, p=0.091) and the number of alien species
detected from fouling assemblages on harbour infrastructure (Spear-
man's Rank Correlation, r=−0.122, p= 0.356) (see Supplementary
Fig. S3).
3.3. Yacht characteristics
Of the 59 yachts, 80% were used for cruising and only 20% were
primarily used for racing (Fig. 3). Racing yachts supported significantly
fewer alien species than those used for cruising (Mann-Whitney U test,
W=530.5, p < 0.001). No significant differences were detected when
considering hull material (Kruskal-Wallis test, H (3, 59)= 1.560,
p=0.668) and the wetted surface area of yachts (Spearman's Rank
Correlation, r= - 0.063, p= 0.633) (see Supplementary Fig. S1).
All yachts were coated with anti-fouling paint. Professional com-
panies (71%) were generally responsible for applying paint to vessels
and such vessels had significantly fewer alien species than those that
were painted by crew members (Mann-Whitney U test, W=502.5,
p= 0.008) (Fig. 4). Yachts that were spray painted (12%) also had
significantly fewer alien species than those that were painted using a
roller (Mann-Whitney U test, W=331.5, p < 0.001). The age of anti-
fouling paint on yachts varied from three to 60 months. There was a
significant positive relationship between paint age and the number of
alien species (Spearman's Rank Correlation, r= 0.439, p < 0.001). It
was notable that when anti-fouling paint was less than 20 months old,
alien species numbers varied between zero and nine. While 49% of
yacht owners thought that the anti-fouling paint on their vessels was
adequate at preventing fouling, 34% disagreed and 17% were unsure.
As such, views of yacht owners on the effectiveness of antifouling paint
differed significantly (Chi-Squared Goodness of Fit, χ2= 9.186, df= 2,
p=0.01).
The largest proportion of yachts were cleaned between zero and
three months before sampling took place (41%), whereas 32% of yachts
were cleaned more than 10 months prior to being sampled (Fig. 5).
Notably the yachts in these groups differed significantly in alien species
richness (Kruskal-Wallis test, H (3, 59)= 8.092, p= 0.044) although,
posthoc multiple comparisons tests were unable to detect any pairwise
differences. Largely, the yachts in this study were not cleaned before
sailing (70%), with only 3% of owners always cleaning their boats
before leaving the marina (Chi-Squared Goodness of Fit, χ2= 39.695,
df= 2, p < 0.0001). There was no difference between the number of
vessels that were cleaned between paint applications and those that
were not (Mann-Whitney U test, W=411.5, p= 0.361), similarly no
differences were found between the number of vessels that were
cleaned in and out of the water (Mann-Whitney U test, W=167.5,
p= 0.847) (see Supplementary Fig. S1).
3.4. Travel patterns
The proportion of yachts sampled were similar across the four
marinas (Fig. 6) and alien species numbers per yacht differed
Fig. 2. Correlation showing the relationship between the number of alien
species and the number of yachts present in marinas.
Fig. 3. Box plot showing the number of alien species when considered by the
two uses of yachts. The proportions of yachts are shown in brackets above each
category.
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significantly among these locations (Kruskal-Wallis test, H (3,
59) = 8.252, p=0.041). Although, posthoc multiple comparisons tests
were unable to detect any pairwise differences, the significant main
effect likely reflects the low number of species recorded in RCYC where
the most racers were sampled. It was notable that of the yachts that
travelled to other marinas, 63% stayed for up to two weeks, 11% stayed
for between two weeks and a month, while 26% stayed for longer than
a month (Chi-Squared Goodness of Fit, χ2= 9.7, df= 2, p < 0.001).
Notably, no relationships were found between alien species numbers
and the number of marinas visited (Spearman's Rank Correlation,
r=−0.219, p=0.095) or the number of days sailed (Spearman's Rank
Correlation, r=−0.229, p= 0.081) (see Supplementary Fig. S2).
Of the 59 yachts sampled, 20 had travelled to other marinas during
the 12 months prior to sampling. In total, these yachts travelled to 13
regional marinas and only a single yacht from POYC travelled inter-
nationally. The largest proportion of yachts that visited other marinas
(45%) were resident to RCYC (Fig. 7), followed by yachts from SBYC
(25%). Interestingly, the ratio of racers to cruisers were relatively even
in RCYC and FBYC, whereas more cruisers than racers, travelled from
POYC and SBYC. This is reflective of most racers being based at RCYC
and FBCY as most regattas are hosted by these marinas.
4. Discussion
The frequent and unfettered travel patterns of recreational vessels
have implications for the transfer of marine alien fouling species (Ros
et al., 2013; Zabin et al., 2014). As biofouling on such vessels is un-
regulated in most regions, they pose a biosecurity risk (Clarke Murray
Fig. 4. Paint maintenance characteristics of yachts and owners perceptions of paint adequacy. Box plots showing the number of alien species when considered by (a)
who applied the paint and (b) the method of paint application. (c) The relationship between the number of alien species on yachts and the age of anti-fouling paint
and (d) the number of yacht owners expressing different opinions about the effectiveness of anti-fouling paint. Where applicable the proportions of respondents are
shown in brackets above each category.
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et al., 2011; Martínez-Laiz et al., 2019). Although poor hull husbandry,
such as old anti-fouling paint and irregular cleaning regimes, leads to
elevated levels of biofouling on recreational vessels (Floerl et al., 2005;
Clarke Murray et al., 2013), a comprehensive assessment of these
variables in relation to alien species numbers is largely lacking. Re-
cently, Peters et al. (2019) demonstrated that using fouling extent as a
proxy for alien species numbers may only be useful under some cir-
cumstances. The positive relationship found between fouling cover and
alien species numbers breaks down when yachts appear clear of fouling
from the surface but actually support fouling in niche areas. In these
cases, fouling does not reflect alien species richness. Thus, the need
remains to identify yachts that support high numbers of alien species to
facilitate their management. This study showed that, despite con-
sidering a variety of vessel and harbour characteristics, the only factor
that influenced alien species numbers on resident yachts in the context
of this study was the purpose for which the vessels were used. Cruising
vessels, regardless of their design, supported significantly more alien
species than did racers.
The function a vessel is used for, has previously been highlighted as
an important contributor to fouling presence (Ashton et al., 2006;
Clarke Murray, 2012), whereby sailing boats were fouled more often
than motorised boats. The present study extended these findings by
taking into account different types of sailing boats (i.e. racers versus
cruisers) and their propensity for supporting alien fouling species.
Fig. 5. (a) Box plot showing the number of alien species recorded on vessels in relation to the time since last cleaning and (b) the number of yacht owners expressing
different opinions about the categories for whether yachts are cleaned before sailing. The proportions of yachts are shown in brackets above each category.
Fig. 6. (a) Box plot showing the number of alien species when considered by the marinas in which they reside where POYC: Port Owen Yacht Club; SBYC: Saldanha
Bay Yacht Club; RCYC: Royal Cape Yacht Club; FBYC: False Bay Yacht Club and (b) the number of yachts visiting other marinas for different durations. The
proportion of yachts are shown in brackets above each category.
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Yachts used for cruising purposes often travel amongst marinas and
pristine areas for leisure (Clarke Murray et al., 2011). Although active
racing yachts travel amongst marinas too, they do so for regattas and
are therefore generally better maintained when arriving in new ports
(Davidson et al., 2010). While not quantified in this study, discussions
with yacht owners have since revealed that racing yachts are cleaned on
a weekly to bi-weekly basis. This frequent maintenance is due to the
incentive for yachts to travel faster, since the presence of biofouling
reduces the speed, by increasing drag (Earley et al., 2014). Conversely,
cruising yacht owners have less incentive to keep their vessels com-
pletely clean, as there is no need to sail at high speeds. While the fre-
quency of cleaning may be influential, the quality of cleaning and anti-
fouling paint regime is likely to be more important (Martínez-Laiz et al.,
2019). This is because even if a layer of slime or remnants of fouling
remain, then the likelihood of the vessel quickly being refouled is ele-
vated, since these areas facilitate settlement. Although it is also possible
for cruising yachts to be well maintained, niche areas may not be
completely free of fouling (Lacoursière-Roussel et al., 2012). This may
also apply to racing vessels, since light fouling in niche areas does not
necessarily affect performance of the boat and could therefore be dis-
regarded during cleaning (Clarke Murray, 2012). The importance of
niche areas for supporting alien species has been highlighted in several
studies (Davidson et al., 2010; Clarke Murray et al., 2011; Peters et al.,
2019), making it clear that the presence of even a small amount of
fouling could pose a risk of transfer. Notably, yachts that appeared to be
completely free of fouling from the surface, supported alien species in
niche areas (Peters et al., 2019), highlighting the risk of alien species
transfer by these yachts and the need to monitor niche areas. These
findings are important, as many resident yachts are used for cruising
purposes, potentially increasing the risk of transfer. Along with differ-
ences in cleaning regimes between racing and cruising yachts, the
speeds at which they travel may influence the presence of fouling biota.
This is because the slow speeds at which cruising yachts generally travel
are unlikely to dislodge most biota (Coutts et al., 2010; Clarke Murray
et al., 2012).
The age of anti-fouling paint is thought to be the most reliable
predictor for biofouling cover, as paints have a limited lifespan (Floerl
et al., 2005; Mineur et al., 2008). This study found a link between paint
age and alien species numbers, however, the high variability observed
in species numbers regardless of paint age is notable. This variability
could stem from two sources. Firstly, yachts that are cleaned regularly
may support low species numbers regardless of the age of their anti-
fouling paint. Secondly, even if anti-fouling paint is new, if the paint is
ineffective for a particular vessel type, even newly painted vessels could
support a high diversity of alien biota. It is therefore, important to
ensure that the correct paint is applied to the correct vessel operational
profile and that all maintenance regimes are followed as per the man-
ufacturer's instructions (Lane et al., 2018). Nonetheless, the role of
stochastic events, such as the timing of settlement events, should not be
ignored.
In this study it was evident that the majority of resident yachts
travel amongst local marinas, with 13 regional marinas being visited.
Most of the yachts travelling amongst marinas were cruising vessels, a
pattern reflecting how most yachts are used in this region. These vessels
are also those most likely to visit marine protected areas such as the
West Coast National Park within Saldanha Bay, where cruisers pay a
small fee to anchor in the park overnight. Considering the fact that
these vessels pose an elevated invasion risk, it is clear that managing
this vector is vitally important. A similar call to regulate recreational
vessels and the risk associated with their fouling assemblages has been
made in the Mediterranean Sea, where the risk of exchange between
vessel and marina fouling assemblages has been recognised (Martínez-
Laiz et al., 2019).
It is recommended that education could offer a first step to ad-
dressing this issue. Since most recreational boat owners demonstrate a
desire to protect the marine environment (Lusby and Anderson, 2008),
making them aware of the links between recreational vessel fouling, the
spread of marine alien species and the implications thereof, could offer
the foundation for an effective management strategy. It is suggested
that this approach could reduce enforcement costs through self-reg-
ulation. In ongoing work with the marinas involved in this study, it has
been found that engagement with yachts people and marina manage-
ment has created awareness of the biosecurity risk posed by recrea-
tional vessels. This has inspired a ‘clean before you leave’ approach,
with vessels voluntarily being cleaned before travelling to other mar-
inas or conservation areas (Peters and Robinson, unpublished data).
While this may be augmented by more formal regulation in time, the
current approach has offered a first step towards management of this
vector and importantly has enabled the various stakeholders to find
common ground in their desire to protect the marine environment.
5. Conclusion
This study found that cruising yachts support more alien species
when compared to racing yachts, a pattern likely linked to the quality of
cleaning regimes of cruisers, as well as the slower speeds at which they
travel. This finding has implications for management programmes, as it
suggests that slow-moving and inadequately maintained yachts that
travel amongst marinas should be targeted for monitoring and man-
agement interventions. By ensuring that yachts are free of fouling on
the hulls and niche areas (such as the propeller, propeller shaft, rudder,
keel and water inlets) before travelling to other marinas or pristine
marine environments (e.g. marine protected areas), the risk of
spreading alien species can be reduced. Considering that the yachting
fraternity tend to demonstrate a high potential for ocean stewardship,
education is likely to play a key role in the advancement of managing
biofouling on these vessels.
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